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Abstract— Space-time geometrical channel models proved to be
of significance in wireless communications as they provide spatial
information (i.e. DOA, TOA) by which the performance of wire-
less communication systems and space-time systems (i.e., smart
antennas, beamformers) can be analyzed. This paper presents
a comparative study of space-time geometrical channel models.
Based on the methods through which the models incorporate
Doppler fading, we divide these models into two categories:
models with oscillated scattering objects and models with un-
oscillated scattering objects. The main characteristics of each
category have been studied using the existing models.
I. INTRODUCTION
Over the past few decades, radio communication systems
have undergone extensive developments. The demands that
a radio system must fulfil are greater by the day. Channel
modelling is an important issue for the design and analysis
of mobile communication systems. When realistic channel
models of a mobile communication system are available,
efficient signal processing schemes can be devised to improve
system performance, and accurate system analysis can also
be performed to predict system capacity and performance. In
general, scalar stochastic channel models describe parameters
such as received signal strength, Doppler spectra and power
delay profiles (PDP), which are important for the analysis of
systems with omnidirectional antennas. However, these types
of channel models do not provide any directional information
and it is not possible to derive DOAs from them. Therefore,
they are not applicable for systems with multiple antennas
[1]. For analyzing the performance of wireless communication
systems and space-time systems (i.e. smart antenna), a statis-
tical channel model ( which provides information about the
direction-of-arrival (DOA) and time-of-arrival (TOA) of the
multipath components as well as fading effects) is required.
In this paper, we review some of the space-time geometrical
channel models which are appeared in the literature. We
classify these models into two classes based on their Doppler
fading. The first type is the space-time geometrical channel
with oscillated objects and the other one is the space-time
geometrical channel models with un-oscillated objects. The
models with oscillated objects provide Doppler fading simply
by treating each of the objects as an oscillator (applying a
rotating phase) the frequency of which is dependent upon the
angle between the direction the mobile is travelling and the ray
towards the object [2]. However, a large number of multipaths
is required for realistic fading simulation, which limits the
applicability of these models for bit level simulation. The
other type is the one with un-oscillated objects. This models
considering local scatterers around mobile for simulating the
fading effects.
II. SPACE-TIME GEOMETRICAL CHANNEL
MODELS WITH OSCILLATED SCATTERERS
In this section we overview the geometrical channel mod-
els which are generating Doppler fading by considering the
scatterers at the propagation environment as an oscillator.
A. Geometrical Based Exponential Model
Lohse [3] developed a geometrical exponential channel
model for macrocell. This model assumes a circular distri-
bution of scatterers around the mobile station (MS), and the
distances between the MS and the scatterers are distributed
exponentially. The geometry of this model is shown in Fig. 1.
 
Fig. 1. Geometry of the exponential channel model.
The distances Ri between the mobile station and the scat-
terers follow an exponential distribution, whereas the angles
of departure ψi are uniformly distributed within the interval
[0, 2pi]. The joint scatterer density function fRi,ψi(Ri, ψi) is
given by
fRi,ψi(Ri, ψi) =
1
2pi
1
R¯
e−
Ri
R¯ ; 0 ≤ ψi ≤ 2pi, and Ri ≥ 0
(1)
where R¯ is the mean scatterer distance. This model is more
suitable in a macrocell environment where it assumes scatter-
ers mainly around the mobile station.
B. Geometrical Based Single Bounce Macrocell Channel
Model
The geometrical base single bounce macrocell channel
model (GBSBM) is an extension of the circular disk of
scatterers model (CDSM) presented in [4]. Fig. 2 shows the
geometry used to derive this model [5], [2].
 Fig. 2. Geometry of the GBSBM model.
The GBSBM has the following assumptions [5]
• The signals received at the base station are assumed to
be plane waves arriving from the horizon and hence the
DOA calculation includes only the azimuthal coordinate.
• The scatterers lie within a circular ring with radius R
around the mobile.
• When a macrocell is assumed, the antenna height is
relatively large, resulting in no signal scatterers around
the base station. In this case R < D is assumed.
• Scatterers are omnidirectional re-radiating elements
whereby the plane wave; on arrival, is reflected directly
to the mobile receiver antenna without the influence from
other scatterers (single bounce behavior).
The joint TOA/ DOA pdf at the base station is given by [5],
[2]
f(τk, θbk) =

l(τk,θbk)
4piR2 : c(τk, θbk) ≤ 2R , θbk 6= 0
c(D+τkc)
4piR2 :
D
c ≤ τk ≤ D+2Rc , θbk = 0
0 : elsewhere
(2)
where
c(τk, θbk) =
(D2 − 2τkc D cos(θbk) + τ2k c2)
(τkc−D cos(θbk)) (3)
and
l(τk, θbk) =
(D2 − τ2k c2)(D2c+ τ2k c3 − 2 τk c2D cos(θbk))
(D cos(θbk)− τk c)3 (4)
while the joint TOA/ DOA pdf at the mobile station is similar
to the joint TOA/ DOA pdf at the base station except the angle-
of-arrival is replaced by the angle at the mobile station, θmk
[5], [2].
In the above equations, D is the distance between the base
station and the mobile, τk is the delay of the kth path, θbk is
the DOA at the base station, θmk is the DOA at the mobile
station, and c is the speed of light.
C. Geometrical Based Single Bounce Elliptical Microcell
Channel Model
In [6] Liberti and Rappaport devised a geometrical based
single bounce elliptical model (GBSBEM) for microcells.
The GBSBEM model assumes that scatterers are uniformly
distributed within an elliptical region where the mobile and
the base station are the foci of the ellipse. This model was
proposed for microcell environments where the antenna height
are relatively low and multipath scattering near the base station
is just as likely as multipath scattering near the mobile [2],
[7], [8]. The geometry for this model is shown in Fig. 3. This
model allows for the fact that short delay multipath component
are more likely to arrive with DOA near the direct path, while
multipath components with longer delays tend to be more
uniformly distributed in DOA.
 
Fig. 3. Geometry of the GBSBEM model.
The joint TOA/ DOA pdf at the base station is given by [6],
[2]
f(τk, θk) =

l(τk,θk)
4piambm
: Dc ≤ τk ≤ τm, θk 6= 0
c(D+τkc)
4piambm
: Dc ≤ τk ≤ τm, θk = 0
0 : elsewhere
(5)
where
l(τk, θk) =
(D2 − τ2k c2)(D2c+ τ2k c3 − 2 τk c2D cos(θk))
(D cos(θk)− τk c)3 ,(6)
am = c τm2 , bm =
1
2
√
c2τ2m −D2, c is the speed of light and
D is the distance between the base station and the mobile.
A model similar to the GBSBEM, is the elliptical subregions
model (ESM) proposed in [9]. The main difference between
the two models is in the selection of the number of scatterers
and the distribution of the scatterers. In the EMS model, the
ellipse of Fig. 3 is first subdivided into a number of elliptical
subregions. The number of scatterers within each region is then
selected from a poisson random variable, the mean of which
is chosen to match the measured time delay profile data.
D. Uniform Sectored Distribution Model
The geometry for the uniform sectored distribution (USD)
model is shown in Fig. 4 [10].
 
Fig. 4. Geometry of the USD model.
This model assumes that all scatterers are uniformly dis-
tributed in the region within a certain angular and radial range
around the mobile. The magnitude and phase of each scatterer
is selected at random from a uniform distribution of [0,1]
and [0, 2pi] respectively. As the number of scatterers tends
to infinity, the signal envelope becomes Rayleigh faded with
uniform phase. This model is helpful to study the effect of
multipath angle spread on spatial diversity methods.
E. Lee’s Model
The geometry of Lee’s model is shown in Fig. 5 [11], [12].
This model assumes that scatterers are uniformly spaced on
a radius about the mobile. These scatterers are referred to as
effective scatterers where each of the scatterers is intended to
represent the effect of many scatterers within the region. This
model predicts the correlation of the signals between any two
elements of the array.
An extension to Lee’s model is the modified Lee’s model
[13] which uses the same geometry as Lee’s model. This
model introduces an angular velocity on the scatterers to
provide Doppler frequency shifts.
F. Geometrical Based Hyperbolic Channel Model
The geometrical based hyperbolic channel model for macro-
cell environments provides the directional information of the
multipath components [14]. This model assumes a circular
distribution of scatterers around mobile station (MS), and
the distances between the MS and scatterers, rk are subject
statistically to a hyperbolic distribution. This assumption is
more realistic and flexible than other existing probability
 
Fig. 5. Geometry of the Lee’s model.
density functions (pdf’s), like the exponential-decaying pdf
[3], uniform pdf [6], [5], and the angular distribution [15],
[16].This is because the hyperbolic distribution allows scatter-
ers to be more likely in a flexible vicinity of the mobile rather
than of a decaying likelihood that drops immediately after
the MS (the exponential distribution) or a uniform likelihood
along a specific angle (the angular distribution). For example, a
mobile in an urban area would see a large number of buildings
in its immediate vicinity. Also a second tier of buildings would
be visible when looking between the surrounding buildings
and so forth. As the distance from the mobile is increased,
fewer and fewer buildings will be visible as they are obscured
by closer structure.
Fig. 6 shows the geometry used to derive this model. The
angle of departure ψk is uniformly distributed in the interval
[0,2pi]. D is the distance between the base station and the
mobile station. The angle θk is the direction-of-arrival at the
base station, which is evaluated geometrically [14].
 
Fig. 6. Geometry of the hyperbolic channel model.
The probability density function of scatterers inside a circle
of radius R denoted by f(rk) is given by
f(rk) =
{ a
tanh(aR) cosh2(ark)
for 0 ≤ rk ≤ R
0 elsewhere
(7)
where rk is the distance between the mobile station and
scatterer for the kth path, R is the radius of the circle enclosing
the scatterers, and the applicable values of a lie in the interval
(0,1) [17], [14]. The value of the parameter a controls the
spread of the scatterers around the mobile station. This value
can be evaluated when an angle spread (assumed or measured)
is given.
G. Spatial Rayleigh-Fading Model in Multielement Antenna
Systems
A spatial Rayleigh-fading correlation model for multiple-
input multiple-output (MIMO) has been proposed in [15]. This
model is an extension to the ”one-ring” model first employed
by Jack [18]. The geometry used to drive this model is shown
in Fig. 7.
 
Fig. 7. Geometry of the spatial Rayleigh-fading correlation model.
where TAp is the transmitting antenna p, RAl is the
receiving antenna l, D is the distance between the base station
and the subscriber unit, R is the radius of the scatterer ring,
Θ is the angle of arrival at the base station, ∆ is the angle
spread, and S(θ) is the scatterer at angle θ.
This model assumes uniform distribution of the scatterers
with respect to θ, the angle-of-arrival at the subscriber unit.
The model also assumes that all received rays are equal
in power, which is not a realistic assumption for multipath
environments. An extension of this model for Rician-fading
channels appeared in [16], which assumes von Mises angular
distribution for scatterers.
III. SPACE-TIME GEOMETRICAL CHANNEL
MODELS WITH UN-OSCILLATED SCATTERERS
In this section we provide a brief description of each of the
space-time geometrical channel models which are generating
Doppler fading by considering local scatterers.
A. Raleigh’s Time-Varying Vector Channel Model
Raleigh’s time-varying model accounts for a scattering
mechanism from dominant reflectors which determines the
DOA of each path and describes the time and spatial correla-
tion properties of the received signal vector [19]. The propa-
gation environment is assumed to be densely populated with
local scatterers around the mobile and with large dominant
reflectors, as shown in Fig. 8.
 
Fig. 8. Geometry of the Raleigh channel model.
It is further assumed that the signal received by the base
station is Rayleigh faded and that the angle spread is ac-
counted for by dominant reflectors ( the local scatterers do not
contribute to the angle spread). The model therefore provides
Rayleigh fading and theoretical spatial correlation. The unique
feature of the model is the derivation of the complex path
attenuation, which is composed of log-normal fading (large-
scale effect), power delay profile, complex intensity of the
radiation pattern. This model is assumed that at a particular
time is characterized by M dominant reflectors, which are
function of times. The received signal vector is given by
r(t) =
M(t)∑
m=1
a(θm)βm(t)s(t− τm) + n(t) (8)
where a is the array steering vector, βm(t) is the complex
amplitude, s(t) is the modulated signal, τm is the delay of the
mth path, θm is the direction-of-arrival of the mth, and n(t)
is additive noise.
B. Space-Time Geometrical Based Hyperbolic Channel Model
the space-time hyperbolic channel model proposed in [17]
provides directional information as well as concerning with
mobility issue. Fig. 9 shows the geometry for the space-time
hyperbolic model. The angle-of-departure ψlk is uniformly
distributed in the interval [0,2pi]. The angle θlk is the direction-
of-arrival at the base station, while D denotes the distance
between the base station and the mobile station. The mobile is
located at the origin. This model has the following assumptions
[17]
• The scatterers were arranged circularly around the mo-
bile, with the distance between the mobile and the local
scatterers rlk and the distance between the local and dom-
inant scatterers Rlk are both distributed hyperbolically.
• Signals received at the base station are plane waves
propagating along the horizon ( there is no vertical
component to the signal propagation).
• Scatterers are omnidirectional re-radiating elements.
• The scatterers have identical scattering coefficients.
• The macrocell antenna heights are relatively high and
there is no signal scattering from locations near the base
station.
 
 
 
 
Fig. 9. Geometry of the space-time hyperbolic model.
The probability density functions (pdf) of the distances rlk
and Rlk for the kth user are given by [17]
frlk (rlk) =
a1
tanh(a1Rls) cosh 2(a1 rlk)
; 0 ≤ rlk ≤ Rls
(9)
and
fRlk (Rlk) =
a2
tanh(a2Rds) cosh2(a2Rlk)
; 0 ≤ Rlk ≤ Rds
(10)
where Rls is the radius of the circle enclosing the local
scatterers, and Rds is the radius of the dominant scatterers
circle. The applicable values of a1 and a2 lie in the interval
(0,1). From the spatial probability density functions of the
scatterers in (9) and (10) we can determine the the DOA,
TOA, and the signal amplitude.
IV. CONCLUSION
This paper has provided a comparative and classifying study
of the existing space-time geometrical channel models. Based
on the methods through which the models account for Doppler
fading, these models are divided into two classes: 1) the space-
time geometrical channel with oscillated objects (scatterers)
and 2) the space-time geometrical channel with un-oscillated
objects. As compared to the second category, a larger number
of multipaths is required for realistic fading simulation in the
first category, which limits the applicability of its models for
bit level simulation.
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